INTRODUCTION
Palaeospinacid sharks are the most diverse family within the Synechodontiformes, which are considered to be a monophyletic group of basal galeomorph sharks (e.g., Duffin and Ward, 1993; Underwood et al., 1999; Bö ttcher and Duffin, 2000; Cuny et al., 2001; Delsate et al., 2002; Kriwet and Klug, 2004; Maisey et al., 2004; Klug and Kriwet, 2008) . Without any extant representatives, nine genera ranging from the Early Permian to the Thanetian have been described from the Northern and Southern Hemispheres to date (e.g., Cappetta, 1973 Cappetta, , 1992 Duffin, 1982, preparation of marls. These marls are exposed next to the street leading from Mahlstetten to Mü hlheim. The fossil-bearing layer is very thin and assigned to the mutabilis zone of the lower Kimmeridgian (Schweigert, 2007) . All material is housed in the collection of the Staatliches Museum fü r Naturkunde Stuttgart, Germany, with catalogue numbers bearing the prefix SMNS.
Photographs of the holotype were taken under normal and in certain cases under ultraviolet light. Drawings were performed with a Zeiss stereomicroscope equipped with a camera lucida. Scanning Electronic Microscope (SEM) photographs were prepared of a single tooth derived from the holotype. Additionally, casts of the embedded teeth were prepared using silicon compound and epoxy resin and studied with a SEM. This technique impeded the destruction of the specimens and the extraction of teeth from the jaws. The casts are inventoried with the original specimens in the collection of SMNS. Teeth from Mahlstetten also were studied and figured with a SEM.
Institutional Abbreviations-MfN, Museum fü r Naturkunde der Humboldt-Universitä t zu Berlin; SMNS, Staatliches Museum fü r Naturkunde Stuttgart.
SYSTEMATIC PALEONTOLOGY
The terminology used for the skeletal morphology follows Compagno (1984 Compagno ( , 1988 Compagno ( , 1999 Compagno ( , 2001 ) and Maisey (1986a, b) , and for the dental morphology, Cappetta (1987) , Siverson (1992) , and Shimada (2002) .
Superclass CHONDRICHTHYES Huxley, 1880 Class ELASMOBRANCHII Bonaparte, 1838 Cohort EUSELACHII Hay, 1902 Subcohort NEOSELACHII Compagno, 1977 Superorder GALEOMORPHII Compagno, 1973 Order SYNECHODONTIFORMES Duffin and Ward, 1993 Family PALAEOSPINACIDAE Regan, 1906 Genus SYNECHODUS Woodward, 1888
Type Species-Hybodus dubrisiensis Mackie, 1863, from the Upper Cretaceous of southern England.
Diagnosis (Emended)-Palaeospinacid shark characterized by the following combination of features: vertebrae of asterospondylic type; palatoquadrate with postorbital and ethmoidal articulations; orbital process absent; "double" selachian-type lower jaw articulation present; Meckel's cartilage with lingual mandibular ridge; dentition with gradient monognathic heterodonty; 11 tooth rows in each jaw; teeth with main cusp and varying number of lateral cusplets; central cusp more than twice as high as first pair of lateral cusplets; cusp and cusplets broadly united at base and not well separated from each other; crown height decreasing posteriorly; number of lateral cusplets symmetrical in anterior teeth, asymmetrical in lateral teeth with more cusplets in mesial ones than in distal ones; exponential decrease of cusp height from main cusp to cusplets; labial base of crown protruding above crown-root junction; low root with lobes curving downwards in labial and anteriorly in basal view; root vascularisation pattern of pseudopolyaulacorhize type.
SYNECHODUS UNGERI, sp. nov.
Synechodus sp.: Leidner and Thies, 1999:32, fig. 1D ; 37, fig. 3A . Etymology-Named in honor of Elmar Unger (Aulendorf, Germany) who collected the specimens from the locality of Mahlstetten described here.
Holotype-SMNS 85975/1, incomplete skeleton housed in the collection of the SMNS, Rosenstein 1, 70191 Stuttgart, Germany.
Paratypes-12 of isolated teeth from the locality of Mahlstetten with the collection numbers SMNS 89602/1 to 89602/12.
Additional Material-Dozens of isolated teeth from the locality of Mahlstetten (SMNS 89602/13, lot number), not figured.
Horizon and Locality of Holotype-Nusplingen in southwestern Germany, quarry of Egesheim, layer Pk6.
Age of Holotype-The beckeri zone, hoelderi horizon, late Kimmeridgian, Late Jurassic (Schweigert, 1998 (Schweigert, , 2007 Schweigert and Zeiss, 1999) .
Diagnosis-Species of Synechodus characterized by teeth with high coronal profile, slender and sub-triangular central cusp; transverse section of main cusp circular, and that of cusplets sub-circular; main cusp lingually curved in all teeth, additionally inclining distally in lateral positions; shape of main cusp with rapidly expanding lower half and labial bulge with median depression; anterior teeth flanked by two to three pairs of cusplets; lateral teeth with asymmetrical number of cusplets with mesial one more than distally; lateral portions of crown curved downwards; cutting edges well developed and continuous through all apices; vertical ridges on labial side of main cusp that decrease in height centrally with most lateral ridges reaching apex; ridges possibly bifurcating basally; lateral regions of main cusp with reticulation pattern in anterior and most anterolateral teeth; reticulation pattern also present below main cusp in lateral teeth; vertical ridges on lateral cusplets reaching apices, always bifurcating and anastomosing forming basal reticulation pattern; shoulder of lower part of labial crown face devoid of any ornamentation in all teeth; lingual crown face with delicate vertical ridges, not extending to apex and bifurcating basally; only lingual face of cusplets sometimes displaying delicate reticulation pattern; lingual neck well developed, without ornamentation; root low and root lobes slightly curved downwards in labial view and anteriorly in basal view.
Differential Diagnosis-Teeth of Synechodus ungeri, sp. nov., differ from those of all other species of Synechodus in the following seven features:
(1) Ridges on the labial face never reaching the apex in S. dispar (Reuss, 1846) Kriwet, 2003a (Callovian) , having at the basal margin of the crown parallel doubled cutting edges (see Kriwet, 2003a ); (6) Less delicate main cusps and cusplets in S. duffini (Bathonian), with a more prominent crown shoulder and ornamentation along the lower most part of the labial crown face; and (7) More distinctive ornamentation in S. michaeli Thies, 1981 (Barremian), extending basally to the crown-root-junction (similar to that in S. duffini), along with a different form of the main cusp in its lower half, and presence of a reticulation pattern in anterior teeth on labial face of the main cusp (Thies, 1981) . Additionally, it should be noted that dentitions of S. duffini and S. michaeli display a substantially higher heterodonty than the new species.
DESCRIPTION

Holotype
General Description-The single specimen consists of a plate without counterpart measuring 21.5 cm in width, 11 cm in height, and 1 cm in thickness ( Fig. 2A) . Five articulated portions of the anterior vertebral column, the left palatoquadrate, the right Meckel's cartilage, several unspecified cartilage remains of the cranial skeleton, 32 embedded teeth, one extracted anterior tooth, and several embedded but disarticulated placoid scales are preserved. The branchial skeleton and the vast majority of the postcranial skeleton are absent. The cartilaginous structures are better visible and silhouetted against the matrix under ultraviolet light (Fig. 2B, C) .
Vertebrae-The vertebral column is very fragmentary and only five portions of still articulated vertebrae are preserved comprising eight, two, five, eleven, and six vertebrae, respectively. Altogether, these 32, densely calcified vertebral centra sum up to a total length of 10.3 cm ( Fig. 2A ). All portions of the vertebral column are twisted so that it is not possible to reconstruct the position of the body prior to decomposition. The centra are faintly spool-shaped, and about one-third wider than deep. The first centrum measures circa 32 mm in width and 23 mm in depth. The preserved centra continuously become wider and deeper caudally with the largest preserved centrum being 38.8 mm in width and 31 mm in depth. It was impossible to prepare slices to obtain detailed information about the internal calcification structure due to the deficient preservation and covering of the vertebrae by a silicified layer.
Visceral Skeleton-The left palatoquadrate is visible in labial view and measures 3.8 cm in maximum length. The posterior and dorsal portions of the element are damaged. The dental region is observable as imprint. It extends from the symphysis posteriorly along the ventral margin and is approximately 70% of the total length of the upper jaw. The dorsal margin of the palatoquadrate shows a very prominent ethmoidal articulation. The ethmoidal articular surface is not visible according to its lingual position. Maisey (1983 Maisey ( , 1985 described the presence of an orbital process as characteristic for squalean elasmobranchs, which is, conversely, absent in synechodontiforms and galeomorphs. The postorbital articulation is preserved and located directly posterior to the dental groove. The quadrate flange expands ventrally to the posterolateral extremity, where the very prominent articular process is located. The quadrate concavity, which is the secondary mandibular articulation of the upper and lower jaw, is located directly anterior to this process.
The Meckel's cartilage is preserved in lingual view and is slightly shorter than the upper jaw. It measures 36.5 mm in total length and tapers anteriorly to the slender symphysis. On the lingual side the shallow dental region is expanding posteriorly from the anterior tip of the symphysis and decreases about twothirds along the jaw. It is composed by three structures: the dental lamina, which is ventrally delimited by a bulge-like dental groove, and dorsally by the dental ridge. The teeth develop in the dental groove and are transported by the dental lamina continuously to the dental ridge, where teeth reach their functional position. The same structures are visible in the palatoquadrate as negatives. The posterior vertical margin of the Meckel's cartilage continues into the semicircular posterolateral articular cotylus, into which the articular process of the palatoquadrate fits. The minute articular knob is preserved anterior to this indentation. This articular knob articulates with the quadrate cavity of the upper jaw. The slightly lingual mandibular ridge is incipient at the articular knob, which progresses posterolaterally on the lingual surface of the Meckel's cartilage. This ridge, which is characteristic in modern sharks (Maisey, 1983) , encloses the internal mandibular concavity, wherein the ceratohyal fits, which is not preserved in the specimen described herein.
Dentition-The dentition is characterized by a gradient monognathic heterodonty. Lateral and posterior teeth are not distinguished because of the inconspicuous transition of their morphology and are identified as lateral ones. The preserved dentition of the holotype consists of 33 disarticulated teeth, 32 of which are still embedded in the matrix (Fig. 3) and one extracted anterior tooth (Fig. 4) . The figured embedded teeth comprise five anterior teeth in labial, and three anteriors in lingual, basal, and labio-occlusal views, respectively ( Fig. 3A-H) . The figured embedded lateral teeth comprise eleven in labial (Figs. 3I-R), five in lingual ( Fig. 3S-X) , and a single one in basal views (Fig. 3Y) . Lateral teeth can be subdivided into anterolaterals and posterolaterals based on size and differences in coronal profile height.
Anterior Teeth-Anterior teeth are characterized by a high coronal profile with a slender and sub-triangular central cusp more than twice as high as the first pair of lateral cusplets. The ratio of crown width to crown height (above the crown-root junction) is about 1.0 in most anterior teeth and continuously increases up to 1.8 in the last anterior position. Reconstructing the exact ratio is sometimes hampered by the fact that the contours of the embedded teeth are obscured by the sediment matrix.
The transverse section of the main cusp is roughly circular with the labial and lingual faces being gently convex. The main cusp is moderately bent lingually in all anterior teeth without any sigmoidal curvature and inclines, if at all, only slightly distally in labial view. In all anterior positions, the main cusp is flanked by two pairs of cusplets except for the last one, which displays three pairs (Fig. 4) . The symmetry in the numbers of lateral cusplets is characteristic for anterior teeth of the genus. One of the specific characters is the shape of the main cusp. It is narrow in the upper half with almost parallel cutting edges and in the lower half rapidly expands with divergent cutting edges. Basally, the main cusp exhibits a bulge with a slightly median depression that subtly juts out over the crown-root-junction. The main cusp and all lateral cusplets are broadly jointed and are placed on a well-developed crown shoulder.
The first cusplets reach at most one-third of the height of the main cusp. All lateral cusplets decrease in size laterally. The width of the first cusplets is larger than that of the second and third ones. The transverse sections of the lateral cusplets also are sub-circular. Characteristically, the lateral portions of the crown with the cusplets are durved and downwards directed.
The cutting edge is well-developed and continuous along the width of the tooth crown in all apices. The ornamentation is present in the form of vertical ridges, of which only the lateral ones reach the apex of the main cusp, whereas in lateral cusplets, central ridges may also reach the apices. All other labial ridges of the main cusp decrease in height towards the middle of the cusp. Basally, the ridges of the main cusp may bifurcate, whereas they always do so in lateral cusplets. The ridges anastomose basally to form a reticulated ornamentation below the lateral regions of the main cusp, which continues mesially and distally below the lateral cusplets. The base of the central part of the main cusp lacks this reticulation pattern. The lower part of the crown shoulder is devoid of any ornamentation. The lingual crown face displays delicate vertical ridges, which bifurcate ba-FIGURE 2. Holotype of Synechodus ungeri, sp. nov., (SMNS 85975/1) from the Upper Jurassic lithographic limestones of Nusplingen, southwest Germany. A, overview of the entire specimen. B, C, close-up of incompletely preserved skull under ultraviolet light (B) and corresponding camera lucida drawing (C). Abbreviations: art cot, articular cotylus; art k, articular knob; art pr, articular process; den g, dental groove; den l, dental lamina; den r, dental ridge; eth art, ethmoidal articulation; imc, internal mandibular concavity; imr, internal mandibular ridge; Mc, Meckel's cartilage; po art, postorbital articulation; pq, palatoquadrate; q c, quadrate cavity; q fl, quadrate flange; v, vertebra. sally near the end of the ridges, extending far up the cusp but never reaching the apex. The lingual neck is well-developed and without any ornamentation.
The root of anterior teeth is low and the root lobes are slightly curved downwards in labial view and anteriorly in basal view (Fig. 3B-C, F, G) . The vascularisation pattern displays the pseudopolyaulacorhize type, which is characteristic for palaeospinacid sharks (Cappetta, 1992; Thies, 1993; Duffin and Ward, 1993) . In labial view, several nutritive grooves open basally. These grooves are restricted to a shallow depression (Fig. 3G) and extend lingually at most to the middle of the root in basal view. The number of nutritive grooves varies. In lingual view, numerous foramina, which are horizontally aligned, open onto the surface of the root. The central lingual foramen below the main cusp is the most prominent one.
Lateral Teeth-Lateral teeth are characterized by a high coronal profile in mesial positions, which decreases in more distal position. The almost triangular main cusp is more than twice as high as the first pair of lateral cusplets and slender in anterolateral teeth, but about twice as high and broader in latero-posterior positions. The ratio of crown width to crown height ranges from 2.0 to 3.0. As in anterior teeth, it is difficult to ascertain the exact ratio due to the preservation of embedded teeth in matrix.
The main cusp bends lingually without any sigmoidal curvature in profile view. The ratio of the distal inclination of the cusp decreases towards the commissure but remains present even in the posterior-most teeth. The main cusp of anterolateral teeth shows the characteristic shape as the anterior teeth of Synechodus ungeri sp. nov. with rapidly expanding lower half, a labial bulge with median depression, and labial protruding over the crown-root-junction. The typical expansion of the main cusp is present in posterolateral teeth but less pronounced than in other positions. The transverse section of the main cusp is rounded, with convex labial and lingual crown faces. The main cusp is flanked by an asymmetrical number of well-developed cusplets, generally with an additional mesial cusplet. Three and four cusplets, respectively, are present in anteriolateral teeth. Two distal and three mesial cusplets exist in teeth of more distal files, in which the most mesial cusplet maybe rudimentary. All lateral cusplets decrease in width and height. The cusp and all lateral cusplets are broadly jointed and are placed on a well-developed crown shoulder. The lateral portions of the crown with the cusplets are curved basally.
The cutting edge is well-developed and continuously running along the whole width of the tooth crown. The ornamentation of the labial face of lateral teeth are similar to that of anterior teeth. The main cusp displays vertical ridges decreasing in height towards the middle, whereas only the lateral ones reach the apex. Basally, the ridges may bifurcate, whereas they always do so in lateral cusplets. The ridges anastomose basally to form the typical reticulation pattern continuing mesially and distally below the lateral cusplets. Whereas this pattern originates below the lateral regions of the main cusp in the most anterolateral teeth, it is also present basally on the main cups in all other lateral tooth positions. This ornamentation is more distinctly developed in lateral than in anterior teeth. As in anterior teeth, the lower portion of the labial crown face lacks any ornamentation in lateral teeth. The lingual ornamentation and the morphology of the lingual neck of lateral teeth are similar to those of anterior ones.
The root of lateral teeth is low, and their root lobes are slightly curved labially in basal view as it is found in anterior teeth. This curve is alleviated in distal positions. The downward directed curvature of the root lobes in labial view is more pronounced than in anterior teeth but less distinct with more expanded root lobes in mesial files. The vascularisation pattern is of the same type as in anterior teeth and exhibits several basally open nutritive grooves extending lingually almost to the middle of the root in basal view. The grooves differ in number and are restricted to a shallow labial depression. In lingual view, numerous horizontally aligned foramina open onto the surface of the root. As in anterior teeth, the central lingual foramen below the main cusp is the most prominent one.
Dermal Denticles-The placoid scales of the holotype are disarticulated and widespread on the bedding plane. Casts of some embedded scales were prepared and studied with a SEM (Fig. 5) . Although these dermal denticles are in most cases incomplete, abraded or covered by sediment, they show the typical characteristics of the genus Synechodus as described by Thies (1995) and Leidner and Thies (1999) . Only the crowns of the most placoid scales are preserved displaying the typical cordiform shape. The ornamentation consists of three main folds, which are fused anteriorly and originate at an anterior notch. The most prominent fold is very straight running posteriorly along the midline of the crown. The outer folds are curved and located next to the right and left margin of the crown. Some placoid scales only show these folds due to the covering with sediment ( Fig. 5K-M) . The bases of the placoid scales are not preserved.
Paratypes
Twelve paratypes and additional material from the locality of Mahlstetten were examined. The paratypes consist of 12 isolated teeth, many of which are incomplete. All teeth display the specific dental characters of the new species well. They provide additional information because all views of a single tooth are ascertainable despite the imperfect preservation of many specimens (Fig. 6) .
Anterior teeth display the distinctive vertical ridges on both surfaces of the main cusp, that never reach the apex except for the most lateral ones, the characteristic basal bifurcating ornamentation, and the anastomosing pattern, that is absent on the main cusp. In addition, anterior teeth display the characteristic lingual inclination of the main cusp and lateral cusplets in profile view. The delicate vertical ridges of the lingual crown face also bifurcate basally. The lingual face of cusplets sometimes displays a delicate reticulation pattern. The ratio of crown width to crown height ranges from 1.75 to 2.0 in anterior teeth.
Lateral teeth display the anastomosing ornamentation pattern not only below the lateral cusplets as in anterior teeth but also below the main cusp. All other features are the same as described for the holotype. The complete teeth in the paratypes have a ratio of crown width to crown height ranging from 2.6 in anterolateral positions to 5.25 in latero-posterior positions. The posteriormost teeth are characterized by very low crowns. The overall morphology of all teeth corresponds well to a gradient monognathic heterodontic pattern as assumed for the holotype.
DISCUSSION
The taxonomy of most clades within the Synechodontiformes, especially of the Palaeospinacidae, is controversial (e.g., Woodward, 1889; Cappetta, 1973 Cappetta, , 1987 Cappetta, , 1992 Herman, 1977; Thies, 1991 Thies, , 1992 Thies, , 1993 Leidner and Thies, 1999) . The scarcity of skeletal specimens and the resemblance of isolated teeth are the main reasons for this dispute. The family Palaeospinacidae is the most diverse clade (> 30 species) within the Synechodontiformes. So far, four genera, Macrourogaleus, Paraorthacodus, Palidiplospinax, and Synechodus, have been recognized within the Palaeospinacidae (Duffin and Ward, 1993; Klug and Kriwet, 2008) . The small neoselachian Macrourogaleus, which is known from several complete specimens from the Late Jurassic lithographic limestones of southern Germany, and which was included into Carcharhiniformes in the past was transferred to the Palaeospinacidae based on dental features (Klug, 2008) . Kriwet and Klug (2004) , Klug and Kriwet (2008) , and Klug (2008) provided new evidence for distinguishing these taxa. Palidiplospinax is characterized by dorsal fin spines, whereas Paraorthacodus, Macrourogaleus, and Synechodus lack dorsal fin spines. Paraorthacodus and Macrourogaleus differ from Synechodus in the possession of a single dorsal fin.
Twenty-one species of Synechodus, ranging from the Late Triassic to Paleogene, have been described to date (Duffin and Ward, 1993; Underwood, 2002; Kriwet, 2003a; Underwood and Ward, 2004; Kriwet and Klug, 2004; Klug and Kriwet, 2006, 2008) . The most distinctive features of Synechodus teeth are that the main cusp is at least twice as high as the first pair of lateral cusplets and that the lateral cusplets are not strongly separated from the main cusp as in Paraorthacodus and Macrourogaleus. The labial crown face is cambered in Synechodus teeth and overhangs the crown-root junction to some extent. Additionally, the number of lateral cusplets is symmetrical in anterior teeth and asymmetrical in lateral teeth with more cusplets on the mesial crown shoulder, and the lateral cusplets are lower and less acute in Synechodus. Characteristically, the crown height exponentially decreases between main cusp and lateral cusplets.
So far, no Synechodus species from the Late Jurassic of southern Germany has been named. Leidner and Thies (1999) were the first to figure a characteristic tooth from a complete specimen derived from the early Tithonian of the Solnhofen area without specific taxonomic assignment. Leidner (1997) , in an unpublished work, also indicated the presence of Synechodus in the lithographic limestones of southern Germany based on placoid scale morphology. Unfortunately, scale types of different taxa were mixed in his study. A re-evaluation shows that placoid scale morphologies have low potential for taxonomic differentiation within the Palaeospinacidae.
The new specimen described in this paper is too incomplete to present a detailed re-evaluation of its skeletal and external morphology. It is the second species of Synechodus based on more than few isolated teeth; the other one is S. dubrisiensis from the Late Cretaceous of England (e.g., Woodward, 1888; Maisey, 1985) . The new specimen contributes profoundly to the knowl-/ edge of dental features in Synechodus and elucidates the variation range of tooth morphology in Synechodus for the first time. According to the available information and by comparison with S. dubrisiensis (cf. Woodward, 1888), Synechodus had 11 tooth rows in each jaw consisting of three or four anterior and seven or eight lateral teeth. Teeth decrease in height from the symphysis to the commissure, the ornamentation becomes less complex and less pronounced distally, and the basal crown border is less arched in lateral teeth. Posterior lateral teeth display a grinding tooth morphology with very low tooth crowns and well-developed ornamentation pattern.
Synechodus ungeri sp. nov. is a small neoselachian shark with an assumed total body length of about 30 to 40 cm. According to the incompleteness of the skeleton, it is very difficult to provide an exact size estimate, but the length of the jaws in comparison with other extant neoselachians indicate that allow the indicated postulation of the total length. This shark is characterized by a tearing-to clutching-type dentition, which is very similar to that of extant scyliorhinids and some lamniforms, bearing teeth with numerous cusplets, a high and slender main cusp, and a high coronal profile. This dental type is considered rather unspecialized and indicates a variety of possible prey, including fishes but also soft-bodied invertebrates, which are very common in shallow marine environments.
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